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Simple clamp and block device for obtaining rapid sections. See description on page 53. APRIL 19~9) coriacea were said to be in southern California. Rehder (Manual of Cultivated Trees and Shrubs, 767-774, 1940) placed both species in the group with wing of fruit decurrent to or below the middle, and then separated them on the basis of fruit length, F. oregona having fruits 3-5 em. long, the wing decurrent nearly to the base and F. velutina with fruit l-1.8 em. long, the wing decurrent scarcely to the middle. He gave F. orr:gonr1 as occurring in southern California. It is evident from the above discussion that writers vary widely in their concept regarding these trees and as to the range that they occupy. Having living trees available in the Garden and with the hope of discovering something that might throw light on the whole question, a microscopic study of the epidermis of the leaves has been undertaken. Since it was hoped that some characters might turn up in connection with size and shape of stomates, the lower surface particularly was examined. The most obvious fact at once was that the lower epidermis in both species is very elaborately patterned with ridges or sculpturing, lines of which radiate out from the stomates and usually from the glandular peltate hairs so characteristic of the Oleaceae (Boodle and Fritsch, Solereder's Systematic Anatomy of the Dicotyledons, 1: 523, 1908) . It was thought that some diagnostic characters might be discovered which might help in determining specific lines and distribution.
MICROTECHNIQUE USED IN PREPARING l\fATFRIAL FOR EXAMINATION OF LEAF EPIDERMIS
In these investigations both fresh and dry (herbarium) specimens were used. Fresh material was placed directly into absolute alcohol and allowed to remain until ready to be examined. The chlorophyll was extracted by this treatment and fresh leaves were bleached to a yellowish white color.
Examination was largely confined to epidermal tissue from the under-side of the leaves. Freehand sections were cut from the leaves clamped in the block shown in Plate IX. By this method it was possible to cut sections rapidly; a matter of considerable importance in view of the large number of mounts that had to be made. Sections averaged 2 millimeters wide and generally included a strip from the margin of the leaf to the midrib. Sections were removed from the razor with a wet camel's hair brush and placed directly in the stain which was prepared as follows: Eighty milligrams of safranin were dissolved in 30 cubic centimeters of absolute alcohol. For use equal parts of the stock solution and distilled water were taken. Sections were allowed to remain in the stain for ten minutes, then transferred to distilled water to remove loose stain, and examined as water-mounts.
In the case of herbarium and other dry specimens the leaves were boiled in distilled water until soft, then drained on filter paper and sectioned while still moist. Subsequent treatment was the same as for material that had been preserved in alcohol. Specimens prepared by these methods can be preserved for later examination by being allowed to dry on the slide. For re-examination the sections are irrigated with water flowed in under the cover. In about ten minutes the section is in precisely the same condition as upon first examination.
Cells of lower epidermis of leaves of Fraxinus, all drawn to same scale. Fig. 1 . F. oregona showing rather thin-walled irregular cells which average 39.26YJ in length. Fig. 2 . F. velutina var. coriacea, with thick-walled regular cells, averaging 16.38YJ in length. Fig. 3 . F. anomala, with very irregular cells, which run from 50-60YJ in length. Fig. 4 . F. anomala, detail of wall to show air-spaces in loops of the walls. For rapid making of sections to show leaf epidermis a simple device was constructed which is pictured in Plate IX.
A block of hard wood B, of dimensions given in Figs. 1 and 2 was trimmed to the shape shown. End A was curved to the shape shown so as to afford a comfortable grasp with the finger, see No. 5; all edges were sandpapered smooth.
The Clamp C is a slip of hard wood Ys inch thick and of dimensions shown.
One face of the slip was scraped to half its thickness for about l~ inches as shown in Fig. 3 . Two holes Y and Z were drilled as shown to accommodate the countersunk screw D which fastens the clamp to the block and a screw-eye S, which works against a washer vV and tightens the clamp while holding the leaf being sectioned.
In use, one end of the leaf is pinched beneath the clamp and the free end then bent over the rounded side of the block marked X in No's l and 2; the leaf is then held against the lower edge of the block with the middle finger as shown in Figs. 4 and 5. 
EPIDERMAL CHARACTERS
No attempt has been made to make a general study of western species of Fraxinus, but to discover whether the features examined were general or confined only to F. oregona and F. velutina, the leaves of F. dijJetala and F. anomala, both of which are also growing in the Botanic Garden, were also investigated. In Lingelsheim's treatment F. dipetala was placed in a separate subsection Dipetalae in the subgenus Fr.axinaster. It was not surprising, then, to find that its lower epidermis has no sculpturing. But F. anomala was included in the same subsection (Melioides) with F. velutina and F. oregona, coming in the key very near the latter species since its fruits have the wings strongly decurrent. It was interesting, then, to find no sculpturing in F. anomala. The species is further characterized by exceedingly large epidermal cells, those on the under surface being 50-60 microns long. Furthermore, it differs from the other two species by the remarkable loops on the strongly infolded walls, these "loops" often containing intercellular air spaces, (see Plate X, Figs. 3 and 4). Judging from these two species as compared with F. oregona and F. velutina the microscopic anatomy of the leaves in other species is well worth study. On the lower epidermis of F. oregona and F. velutina occurs a very elaborate series of microscopic ridges or sculpturing forming a pattern which is much alike in the two species. These lines radiate out from the stalked glands, as well as from the guard cells of the stomates, in such abundance as often to make it difficult to follow closely the walls of the epidermal cells themselves. The stomates seem to be of two types, one with the ridges more"prominent and the radiating pattern more distinct, the other having the pattern less so. In the more striking examples of stomates these ridges in F. velutina var. roriacea, as seen under oil immersion, form a continuous series beginning inside the outer margin of the guard cells and running out over sunounding cells to a distance equal to about the width of the guard cells, then beginning to branch in dendritic fashion so as to form a sort of network, Under ordinary high power the series does not seem so continuous (Pl. XI, Fig. 2 ). In F. oregona, on the other hand, these ridges are not in a continuous series as viewed under high power in any given focus, although changing the focus may reveal some interemediate ones in a slightly different plane. Thus the ridges seem to be somewhat fascicled and tend to run out perhaps as far as the entire width of the stomate (both guard cells) before anastomosing. Furthermore, they are less pronounced than in the other species (Pl. XI, J:!ig. l) and begin at the outer margin of the guard cells. By looking about on slides of the two species it is soon possible to find stomates that reveal these differences, although at first glance somewhat similar ones may be found in both species. With a little experience, however, the investigator can see a real difference. A study made of leaves from different parts of the same tree and of different portions of a given leaflet and of different leaflets of a given leaf showed no appreciable variations.
STOMATFS
An examination of the stomates of both species, F. oregona and F. velutina var. coriacea, was undertaken to ascertain whether there might be any notable size-differences in the stomate as a whole or differences in relative length of the stomatal opening as compared with the length of the guard cells. For this purpose only living material was used and mounted in water. Each lot was taken from a tree of known origin and represented a different collection. Twenty stomates for each lot were measured as to length of the entire stomatal apparatus (guard cells). width of same, and length of opening. The mean was found for each set of measurements and the results put into tabular form. All such measurements were made under oil immersion. Leaves selected from different exposures on a given tree showed no appreciable differences, but to make the study all leaves used were taken from the northeast side of the tree, in order to get as uniform an exposure as possible. Table I, for F. oregona, shows six lots, that is, measurements for six propagation numbers, the origin of which can be ascertained by reference to the data for collections of F. orregona studied (see page 60). It will be seen that the average for the six lots, meaning data for 120 stomates, is 29.08 microns for length of stomatal apparatus, 17.72 for width, and 20.78 for length of opening. The mean for length of opening as compared with total length of guard cells is 70.8 per cent. These figures give some indication as to the means about which the stomates of the species fluctuate. For coriacea more figures are available, Table II showing measurements for 12 different propagation numbers. It can be seen that the stomates are slightly longer than in oregona, considerably wider, and that the stomatal slit as compared with the length of guard cells is greater so that the stomates are organized on somewhat different proportions in the two species. However, the fluctuation for both is so great that measurements of a given tree of one species may completely overlap those of the other species. Obviously, identification can not be based on these measurements. The most significant epidermal character observed by which the two species can be differentiated is the size and shap of the epidermal cells. In F. oregona the epidermal cells have thin cell walls which are sinuous so that the cells have a very irregular shape (Pl. X, Fig. l ) . F. velutina var. coriacea, by way of contrast, has very thick-walled cells, the walls being relatively straight so that the cells are quite regular in shape, (Pl. X, Fig. 2) . A glance at a slide reveals the difference between the two species. Moreover, the size tends to be quite different in the two. In F. oregona the epidermal cells are mostly from 35 to 51 microns long, with occasional cells below 30. The mean for a number of measurements was 39.26 microns. In F. velutina var. coriacea the cells measured ran from 14.58 to 29.16 microns, the mean being 16.34. Thus, size, shape and wall-thickness of cells of lower epidermis of leaves are markedly different in these two ashes. It should be mentioned in this connection that all data given are for cells away from the veins, since those on or near the veins tend always to be small and rather elongate and regular in shape.
INTERGRADATION 13ETWEEN SPECIES
'-\Then the traditional characters are used for separating F. oregona and F. velutina var. coriacea in California, there is, as has been pointed out in the first part of this paper, considerable difference of practice among botanists. Decurrence of wing on the body of the fruit and width of the wing vary, although both are useful tendencies. Number and shape of leaflets likewise vary. The coriaceous character is not always easy to determine in dried specimens, but when these are intermediate in gross characters, the microscopic anatomy is very suggestive. The following specimens, all of which except No. It can readily be seen that these six collections are quite intermediate and combine characters of the two species. It seems perfectly obvious that in tP.e southern part of the range of F. oregona, that is, in Tulare Cqlj.nty and· in parts of southern California, there are trees that combine in various fashion genes from both species. In Table III specimens I and 2 are from the same general groves, so are 3 and 4. In line with Mendelian segregation it is of course possible for individual trees to have different combinations. Thus, while' in general, trees. in Tulare County are most like F. oregona they may bear some genes of coriacea. In southern California there seems to be no pure F. oregona. Most trees which have in the past been referred to that species have been so classified because of pubescent leaves or somewhat wider wings or other character. Re-examination of most such specimens, especially with the new epidermal criteria, throws them pretty much into coriacea, especially when the validity of pubescence is questioned. But a few collections such as numbers 5 and 6 above do show considerable oregona in their make-up. Here again it seems feasible that F. oregona at one time occurred in the southern part of the state, but that during recent times with the drying climate and the northward withdrawal of many species, this ash has disappeared from its former southern territory, to leave only occasional trees with some oregona genes.
TAXONOMIC VALUE OF PUBESCENCE
In the past, presence or absence of hair has been one of the leading criteria for recognition of varieties in both F. oregona and F. velutina. Thus a variety glabra has been proposed in both species. It was interesting, therefore, to learn that in making his collections vVol£ sometimes found about half the trees in a given grove hairy and half of them glabrous. Thus at Keyes' Ranch in the Little San Bernardino Mountains, he collected from nearby trees two numbers of F. velutina var. coriacea: 9761 hairy and 9760 glabrous. They seem alike except for this single character. Seeds were taken from the glabrous form and grown at the Garden as Propagation Number 3846. From these seeds four trees are now growing; two of them are glabrous, one almost so but with some hair along the midrib on the lower surface, and one with the hair quite general on the under surface. Otherwise the characters are much alike. Such a situation makes highly questionable the usc of presence or absence of hair unless accompanied by other characters.
RELATIONSHIP OF CoRrAcEA To VELUTINA Fraxinus velutina was originally described by Torrey (Emory, Mil. Reconn., 149, 1848) from specimens taken between the Rio Grande and the Gila rivers in New Mexico. The typical form has copiously pubescent leaves and the leaflets are nearly or quite sessile. It has been ascribed to a range from western Texas to southern California and northern ·Mexico.
Fraxinus coriacea was proposed by Watson (Am. Nat. 7: 302, 1873) formaterial from Ash Meadows, Nye Co., Nevada. It is supposed to differ from F. velutina by having the leaves more coriaceous and more reticulate, less pubescent or even glabrescent, the leaflets distinctly petioluled and with more or less serrate margin. It has been given as ranging from southwestern Utah to southern California, where it reaches its northern limit in Kern and Inyo counties.
In recent years coriacea has been reduced to varietal rank under F. velutina by most authors and even to synonymy by Benson and Darrow (Manual of Southwestern Desert Trees and Shrubs, p. 260, 1944) . Examination of a series of specimens in connection with the present study reveals that the sculpturing (microscopic ridges) of the lower epidermis is very near that of F. velutina. In the latter the ridges tend to be almost a network from their very origin well inside the outer walls of the guard cells, forming a sort of elliptical pattern surrounding the stomate, but smaller and less diffuse than in coriacea. The epidermal cells themselves are regular in shape and thick-walled as in coriacea, and range in size from about 12 to 35 microns. In other words, the epidermal characters are much alike in the two ashes. California material which has been referred to F. velutina seems to have been so treated largely because of pubescence. However, its thicker leaves, microscopic ridges, petiolules, etc. throw it into coriacea. On such a basis, F. velutina occupies a more southeasterly range and coriacea is to the north and west. The whole situation seems to justify the recognition of coriacea as a variety of F. velutina.
Rehder's F. OTegona var. glabra, on the basis of plants so identified and of c;r<!racters used and range given, seems to be a synonym of F. velutina var. coriacea as treated by Jepson (Fl. Calif. 3: 80, 1939) .
CITATION OF SPECI'\fENS STUDIED
FRAXINUS OREGONA Nurr., Sylva 3: 59, 1849.
Ranging from British Columbia to Tulare County, California.
